Lipolytic action of cholera toxin on fat cells. Re-examination of the concept implicating GM1 ganglioside as the native membrane receptor.
The possible role of galactosyl-N-acetylgalactosaminyl-[N-acetylneuraminyl]-galactosylglucosylceramide (GM1) ganglioside in the lipolytic activity of cholera toxin on isolated fat cells has been examined. Analyses of the ganglioside content and composition of intact fat cells, their membranous ghosts, and the total particulate fraction of these cells indicate that N-acetylneuraminylgalactosylglucosylceramide (GM3) represents the major ganglioside, with substantial amounts of N-acetylgalactosaminyl-[N-acetylneuraminyl]-galactosylglucosylceramide (GM2) and smaller amounts of other higher homologues also present. Native GM1 was not detected in any of these preparations. Examination of the relative capacities of various exogenously added radiolabeled sphingolipids to bind to the cells indicated that GM2 and glucosylsphingosine were accumulated by the cells to extents comparable to GM1. Galactosylsphingosine and sulfatide also exhibited significant, although lesser, binding affinities for the cells. The adipocytes appeared to nonspecifically bind exogenously added GM1; saturation of binding sites for GM1 could not be observed up to the highest concentration tested (2 X 10(-4) M), wherein about 7 X 10(9) molecules were associated with the cells. Essentially all of this exogenously added GM1 was found bound to the plasma membrane "ghost" fraction. Investigation of the biological responses of the cells confirmed their sensitivities to both cholera toxin and epinephrine-stimulated lipolysis, as well as the lag period displayed during the toxin's action. While we could confirm that the toxin's lipolytic activity can be enhanced by prior treatment of the fat cells with GM1, several of the observed characteristics of this phenomenon differ from earlier reported findings. Accordingly, added GM1 was able to enhance only the subsequent rate, but not the extent, of toxin-stimulated glycerol release (lipolysis) from the cells. We also were unable to confirm the ability of GM1 to enhance the toxin's activity at either saturating or at low toxin concentrations. The limited ability of added GM1 to enhance the toxin's activity appeared in a unique bell-shaped dose-response manner. The inability of high levels of GM1 to stimulate a dose of toxin that was ineffective on native cells suggests that the earlier reported ability of crude brain gangliosides to accomplish this was due to some component other than GM1 in the crude extract. While several glycosphingolipids and some other carbohydrate-containing substances that were tested lacked the ability to mimic the enhancing effect of GM1, 4-methylumbelliferyl-beta-D-galactoside exhibited an effect similar to, although less pronounced than, that of GM1. The findings in these studies are unable to lend support to the earlier hypothesis that (a) GM1 is cholera toxin's naturally occurring membrane receptor on native fat cells, and (b) the ability of exogenously added GM1 to enhance the toxin's lipolytic activity represents the specific creation of additional natural receptors on adipocytes...